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1 Introduction

RAN4 sent an LS [1] to RAN2 on RAN4 agreements on 'Increasing the minimum requirements for number of carriers' and asked RAN2 to consider the related specification change. In this contribution, we will analysis and discuss the specification impacts.
2 Discussion
2.1 UE capability on supporting minimum requirements
It is likely that RAN4 will use this new minimum requirements to replace original minimum requirements in TS36.133. Since they are the minimum requirements, we assume that all the Release-12 or later UEs must support these requirements. Therefore, we do not need to introduce any new UE capability in RAN2 specification, the network can know UE’s minimum requirements from the UE release. 
Proposal 1: 
There is no need to introduce any new UE capability.
2.2 Backward compatibility
The issue is whether Rel-12 UEs shall use the new measurement requirements in legacy networks. It depends on whether RRM requirement will be impacted, e.g. if additional delay will be introduced, etc. As mentioned in RAN4 LS[1], RAN4 has not finalized the corresponding RRM requirements. In our understanding RAN4 is still discussing this aspect, therefore RAN2 shall wait for RAN4 further input.

Proposal 2: 
Wait for RAN4 input on how to guarantee backward compatibility.
In the following part of this paper, we will discuss the potential impacts on LTE and UMTS specification caused by increased minimum measurement requirements. 
Note: As mentioned in [1], the numbers could be revisited if the resulting RRM requirements cause an excessive delay or UE power consumption problem for which a solution cannot be identified. Therefore RAN2 may revise the agreements if and when RAN4 would change their mind.
2.3 LTE specification impacts
2.3.1 For idle mode
For idle mode the following new requirements are extracted from the RAN4 LS [1] (the changes are highlighted in yellow):

Table 1 new requirement for idle mode
	
	Current minimum requirement
	New requirement

	UTRA FDD InterRAT
	3
	6

	UTRA TDD InterRAT
	3
	7

	InterRAT UTRAcells
	No explicit  NCL for UTRA in E-UTRA idle mode
	No explicit  NCL for UTRA in E-UTRA idle mode

	GSM InterRAT
	32 cells on up to 32 carriers =1 layer
	No change

	E-UTRA FDD
	3
	8

	E-UTRA TDD
	3
	8

	E-UTRA FDD RSTD
	N/A
	No change

	E-UTRA TDD RSTD
	N/A
	No change

	CDMA 2000 1x
	3
	No change

	HRPD
	3
	No change

	Total layers including serving freq
	8
	13


For idle mode, the potential impacts are mainly related to cell re-selection, redirection and MBMS configuration. Parameters which may be impacted are listed as below:

Table 2 parameters which may be impacted for idle mode
	
	Related IEs
	Max number

	Intra-freq cell re-selection

(in SIB4)
	IntraFreqNeighCellList
IntraFreqBlackCellList
	maxCellIntra (16)

	Inter-freq cell re-selection

(in SIB5)
	InterFreqCarrierFreqList
interFreqCarrierFreqList-v8h0
interFreqCarrierFreqList-v9e0
InterFreqNeighCellList
InterFreqBlackCellList
	maxFreq (8)

maxCellInter(16)

	Dedicated priority for Inter-freq cell re-selection (in RRC connection release)
	FreqPriorityListEUTRA
freqPriorityListEUTRA-v9e0
	maxFreq (8) ---> to be 16

	inter-RAT cell re-selection (UTRA)

(in SIB6)
	CarrierFreqListUTRA-TDD
	maxUTRA-TDD-Carrier(16)

	
	CarrierFreqListUTRA-FDD
carrierFreqListUTRA-FDD-v8h0
	maxUTRA-FDD-Carrier(16)

	Dedicated priority for inter-RAT cell re-selection  (UTRA)

(in RRC connection release)
	FreqPriorityListUTRA-FDD
	maxUTRA-FDD-Carrier(16)

	
	FreqPriorityListUTRA-TDD
	maxUTRA-TDD-Carrier(16)

	Inter-RAT redirection

(in RRC connection release) 
	CarrierFreqListUTRA-TDD-r10
	maxFreqUTRA-TDD-r10(6)

	MBMS SAI

(in SIB15)
	MBMS-SAI-InterFreqList-r11
MBMS-SAI-InterFreqList-v1140
	maxFreq (8)---> to be 16

	Dedicated priority
	CellReselectionPriority
	8


Intra-freq cell re-selection (in SIB4)
The requirements are not changed on the monitoring number of intra-freq neighbour cells. No specification impacts on SIB4 are foreseen.
Proposal 3: For intra-freq cell re-selection, no change is needed on the maximum number of neighbour cells.
Inter-freq cell re-selection (in SIB5 & RRC connection release)
For inter-freq cell re-selection, the current maximum number of frequencies supported by ASN.1 is 8; however, the new requirement is 13 (LTE FDD 8, TDD 8, totally 13), so the related number should be increased..Since this is the minimum requirement, it is unnecessary to restrict it to just 13. We think that the increased supported number can be rounded up to the number of the next power of 2, i.e. 16.
The requirement on the monitoring number of inter-freq neighbour cells is not changed, so no specification impacts are foreseen.

Currently the maximum number of CellReselectionPriority is 8; considering that only different RAT shall be set with different priority, the same priority can be used for the frequencies within the same RAT, so we do not need to extend it.
Proposal 4: For inter-freq cell re-selection:
· No change is needed on the maximum number of neighbour cells;
· The total supported inter-freq number is extended to 16 from 8, i.e. the maxFreq shall be 16;

·  No change is needed on the maximum number of CellReselectionPriority.
Inter-RAT cell re-selection (UTRA) (in SIB6 & RRC connection release)
For Inter-RAT cell re-selection (UTRA), the new requirement is 6 and 7 respectively for FDD and TDD. The current ASN.1 structure supports at most 16 frequencies separately, so this number should be sufficient and no change is needed.
Proposal 5: 
For inter-RAT cell re-selection (UTRA), the current frequency number (16) is sufficient and no change is need.
Inter-RAT redirection (in RRC connection release)
The current specification supports redirection to multiple frequencies only for UTRA TDD. The ASN.1 structure supports at most 6 frequencies of UTRA TDD. It is not critical to increase the supported number considering the real deployment of UTRA TDD.
Proposal 6: 
For inter-RAT cell redirection (UTRA TDD), the current frequency number (6) is sufficient and no change is need.
MBMS SAI (in SIB15)
Since the UE can monitor 13 frequencies in idle mode according to new requirement, it is better to update the supported frequency number for MBMS. Similar to inter-freq cell re-selection case, the increased supported number can be up to 16.
Proposal 7: 
For MBMS in SIB15, the total supported frequency number is extended to 16 from 8, i.e. the maxFreq shall be 16.
In summary, for IDLE, in LTE specification:

·  the maxFreq shall be extended from 8 to 16.
2.3.2 For connected mode
For connected mode the following new requirements are extracted from the RAN4 LS [1] (the changes are highlighted in yellow):

Table 3 new requirements for connected mode
	 
	Current minimum requirement
	New requirement

	UTRA FDD InterRAT
	3
	6

	UTRA TDD InterRAT
	3
	7

	InterRAT UTRAcells
	32
	80 with maximum of 32 cells per frequency

	GSM
	32 cells on up to 32 carriers =1 layer
	No change

	E-UTRA FDD
	3
	8

	E-UTRA TDD
	3
	8

	E-UTRA FDD RSTD
	N/A
	No change

	E-UTRA TDD RSTD
	N/A
	No change

	CDMA 2000 1x
	3
	No change

	HRPD
	3
	No change

	Total layers including serving freq
	8
	13


For connected mode, the potential impacts are mainly related to RRM measurement and handover. Specification parameters which may be impacted are listed as below:

Table 4 parameters which may be impacted for connected mode
	
	Related IEs
	Max number

	MeasObject
	MeasObjectToAddModList
MeasObjectToAddModList-v9e0
MeasObjectId
	maxObjectId  (32)

	
	cellsToAddModListUTRA-FDD
cellsToAddModListUTRA-TDD
	maxCellMeas (32)

	ReportConfig
	ReportConfigToAddModList
ReportConfigId
	maxReportConfigId (32)

	
	maxReportCells (intra-&inter RAT)
	maxCellReport (8) ---> to be 32 for UTRA

	MeasId
	MeasIdToAddModList
MeasId
	maxMeasId (32) ---> to be 64

	Measurement Report
	measResultListEUTRA
measResultListUTRA
measResultListGERAN
measResultsCDMA2000
	maxCellReport (8) ---> to be 32 for UTRA

	Handover
	candidateCellInfoList-r10
	maxFreq (8) ---> to be 16

	UE capability related constraints
(in subclause 11.1)
	#minCellperMeasObjectEUTRA
	32

	
	#minBlackCellRangesperMeasObjectEUTRA
	32

	
	#minCellperMeasObjectUTRA
	32

	
	#minCellperMeasObjectGERAN
	32

	
	#minCellperMeasObjectCDMA2000
	32

	
	#minCellTotal
	256


MeasObject
All the frequencies containing intra-RAT and inter-RAT share the 32 measurement objects. The new requirements regarding total monitoring frequencies is 13 and also the specification rule is that E-UTRAN only configures a single measurement object for a given frequency. Therefore, the current number of measurement objects is sufficient.
Proposal 8: 
The current number of measurement objects (32) is sufficient and no change is needed.
For UTRA, the new requirement is maximum 32 cells per frequency. The current ASN.1 supports maxCellMeas (32) neighbour cells for each UTRA object. It seems to just fulfil the requirement.
Proposal 9: 
The current number of UTRA cells listed in the measurement objects (32) is sufficient and no change is needed.
ReportConfig & Measurement Report
Report configuration is used to specify criteria for triggering of a measurement reporting event. No new event is added. The current number of report configurations is sufficient.
Proposal 10: 
The current number of report configurations (32) is sufficient and no change is needed.
In the report configuration, there is a “maxReportCells” field which is used to indicate the maximum cell number reported in one measurement report. Since the new requirement for UTRA is 32 cells per frequency, the “maxReportCells” for inter-RAT (UTRA) should be extended to 32. This is also applicable for measurement report.
Proposal 11: 
The maximum cell number reported in one measurement report for inter-RAT (UTRA) case is extended to 32 from 8, i.e. the maxReportCells shall be 32.
MeasId

For mobility and CC management purpose, in general, 
· For primary serving frequency it is likely that 3 events are simultaneously configured for UE, e.g. A1&A2&A3, or A1&A2&A5. 
· For each secondary serving frequency it is likely that 3 events simultaneously are configured, e.g. A2&A3&A6, or A2&A4&A6. 
· For each non-serving frequency, it is likely that 2 events simultaneously are configured, e.g. A3&A4, A4&A5, or B1&B2. 
Considering that a UE can monitor up to 13 frequencies in connected mode according to the new requirements, in the worst case (5 serving frequencies and 8 non-serving frequencies) the total measurement ID number for mobility and CC management purpose in theory is up to 5*3+8*2 = 31. 
Besides, for ANR purpose it is likely that a UE is configured with a measurement ID, e.g. reportStrongestCells, for each monitoring frequency. Therefore, the max measurement id number may be up to 31 + 13 = 44. The current number of measurement id (32) is not sufficient.

Proposal 12: The number of measurement id is extended to 64 from 32, i.e. the maxMeasId shall be 64.
Handover
At handover, the source eNB shall send the best cells (candidate cells) on each frequency for which measurement information was available to the target eNB. The new requirement is that a UE can monitor simultaneously at most 13 frequencies. However the current ASN.1 supports only 8 frequencies for candidate cells and should be extended.

Proposal 13: 
At handover, number of frequencies for candidate cell is extended to 16 from 8 i.e. the maxFreq shall be 16.

UE capability related constraints (in subclause 11.1)
For the new requirements, only UTRA cell number is updated. The current “minCellperMeasObjectUTRA” is 32 and can fulfil the requirement.
Proposal 14: 
For UE capability related constraints (in subclause 11.1), no change is needed.
In summary, for connected mode, in LTE specification:

· the maxFreq shall be extended from 8 to 16;
· the maxMeasId shall be extended from 32 to 64;
· the maxReportCells shall be extended from 8 to 32;
2.4 UMTS specification impacts

The table below is from RAN4, in [1]; from it we could see that the minimum number of inter-frequencies in UTRA and frequencies in E-UTRA that a UE can measure increases, and the minimum number of inter-frequency cells in UTRA also increases. 
The rest of this paper tries to analyze the specification impacts from the perspective of intra-RAT (inter-frequency measurement) and inter-RAT (E-UTRA measurement) respectively.
Table 5 new requirements for UMTS
	
	Current minimum requirement
	New requirement

	
	
	

	UTRA FDD Inter (1)
	2
	5

	UTRA TDD Inter (1)
	3
	No change

	GSM
	32 cells on up to 32 carriers =1 layer
	No change

	E-UTRA FDD
	4
	9

	E-UTRA TDD
	4
	9

	Total layers including serving layer
	8
	 13

	Interfrequency cells
	32
	80 with maximum of 32 cells per frequency


Note (1): 80 interfrequency cells covers UTRA FDD and TDD
2.4.1 For the Inter-frequency measurement in DCH and non_DCH mode
Since the new requirements mainly touch measurements, the main specification impacts should be the measurement related parts, i.e. measurement control system information for the non_DCH case and dedicated measurement control message for the DCH case. 
While checking through 25.331, we could find that all the variables related with the new requirements are:

· maxNumFDDFreqs
· maxCellMeas
· MaxFDDFreqList
The value of the maxNumFDDFreqs is 8 in the current specifications, which defines the maximum number of FDD centre frequencies to store and is used in the dedicated measurement control and report messages (DCH) and measurement control system information (non-DCH). According to the incoming LS from RAN4, the minimum requirement is extended from 2 to 5, which is still lower than 8, so the maxNumFDDFreqs value is not impacted.
The value of the maxCellMeas IE is 32 in the current specifications, which defines the maximum number of inter-frequency neighbour cells a UE can measure and is also used in the dedicated measurement control and report messages (DCH) and measurement control system information (non-DCH). According to the incoming LS from RAN4, this value should be extended to 80, thus all the messages with this variable need to be updated accordingly. 
The value of MaxFDDFreqList is 4 in the current specifications, which defines the Maximum number of FDD carrier frequencies to be stored in USIM and is a UE internal value independent on any messages. Since now the number of frequencies UE can measure is increased, this value should also be increased, and the suggested value is 8.
Table 6 below summaries all the possible impacts based on the analysis above.
Table 6.  Messages and variable impacts for the inter-frequency measurement
	Item
	Impacted IEs and Variables
	Value

	maxCellMeas


	10.3.7.13 Inter-frequency cell info list
10.3.7.16 Inter-frequency measurement

10.3.7.47x Measurement control system information extension2

10.3.7.53x
PLMN identities of neighbour cells extension
10.3.7.13 Inter-frequency cell info list
10.3.7.45
Measured results on RACH

10.3.7.45a
Measured results on RACH FDD
13.4.32
VALUE_TAG
13.4.0
CELL_INFO_LIST
	from 32 to 80

	MaxFDDFreqList
	N/A
	From 4 to 8 (suggested)


Another open issue is, for the inter-frequency measurement without the compressed mode, the maximum frequency number is 2, since now the minimum requirement for a UE is upgraded, it could be discussed whether such capability needs to updated or not, i.e. the value of the maxFreqMeasWithoutCM should be extended or not.
Proposal 15: 
Inter-frequency measurement frequency number does not need to be extended.
Proposal 16: 
The value for maxCellMeas shall be extended from 32 to 80.

Proposal 17: 
The value for MaxFDDFreqList is suggested to extend from 4 to 8.
Proposal 18:   It is proposed to discuss if the maxFreqMeasWithoutCM needs to be extended.
In summary, for the inter-frequency measurement in DCH and non_DCH mode, the potential impacts are:

·  The maxCellMeas shall be extended from 32 to 80;
· The MaxFDDFreqList is suggested to be extended from 4 to 8;
2.4.2 For the E-UTRAN measurement in DCH and non_DCH mode
Similar as for the inter-freq measurement case, below is the list of variables related with E-UTRA measurement in DCH and non_DCH mode:

· maxNumEUTRAFreqs
· maxReportedEUTRAFreqs
· maxNumEUTRAFreqs_FACH
· maxReportedEUTRACellPerFreq
The value of the maxNumEUTRAFreqs IE is 8 in the current specifications,  which defines the maximum number of EUTRA centre frequencies to store and is used as in the measurement control and report related messages. According to the incoming LS from RAN4, the value for maxNumEUTRAFreqs needs to be extended at least to 9, we would suggest 16 for it.

The maxReportedEUTRAFreqs is 4 in the current specifications, which defines the Maximum number of E-UTRA frequencies to report. Since the number of E-UTRA frequencies a UE can measure is increased, the number of reported frequency could be increased accordingly, so it is proposed to discuss whether the value for maxReportedEUTRAFreqs should be extended to 16 or not.

The maxEUTRATargetFreqs is 8 in the current specifications, which defines the Maximum number of target E-UTRA frequencies on which UE tries to find suitable cells to camp. Since the number of E-UTRA frequencies a UE can measure is increased, the number of candidate frequencies to camp could be increased accordingly, so it is proposed to discuss whether the value for maxEUTRATargetFreqs should be extended to 16 or not.

The maxNumEUTRAFreqs_FACH is 4 in the current specifications, which defines the Maximum number of EUTRA centre frequencies to store when in CELL_FACH. Since the number of E-UTRA frequencies a UE can measure is increased, the number of E-UTRA frequency to store could also be increased accordingly, so it is proposed to whether the value for maxNumEUTRAFreqs_FACH should be extended to 16 or not.

The maxReportedEUTRACellPerFreq is 4 in the current specifications, which defines the Maximum number of E-UTRA cells to report per frequency, since the requirements are mainly related with the number of E-UTRA frequency a UE can measure which is not related with the number of cells, therefore this variable of maxReportedEUTRACellPerFreq is not impacted.
Table 6 below summaries all the possible impacts based on the analysis above.
Table 7.  Messages and variable impacts for the E-UTRAN measurement
	Item
	Impact IEs and Variables
	Value

	maxNumEUTRAFreqs
	10.3.2.7 Dedicated priority Information
10.3.7.6a
E-UTRA event results
10.3.7.6b
E-UTRA frequency list

10.3.7.115 E-UTRA frequency and priority info list
10.3.7.129
Logged Measurement Info-FDD

10.3.7.129a
Logged Connection Establishment Failure Info-FDD

10.3.7.139
E-UTRA frequency RACH reporting information
10.3.7.47x Measurement control system information extension2
13.4.57
EUTRA_FREQUENCY_INFO_LIST_FACH

13.4.6a
EUTRA_FREQUENCY_INFO_LIST
13.4.32
VALUE_TAG
	From 8 to 16

	maxReportedEUTRAFreqs
	10.3.7.6a
E-UTRA event results

10.3.7.6c
E-UTRA measured results
	From 4 to 16 (suggested)


	maxEUTRATargetFreqs
	10.3.8.4L
E-UTRA Target Info
	From 8 to 16 (suggested)

	maxNumEUTRAFreqs_FACH
	10.3.7.45
Measured results on RACH

10.3.7.45a
Measured results on RACH FDD

10.3.7.137
E-UTRA measurement for CELL_FACH

10.3.7.138
E-UTRA results for CELL_FACH
	From 4 to 16 (suggested)


Proposal 19: 
The value for maxNumEUTRAFreqs should be extended from 8 to 16.

Proposal 20: 
The value for maxReportedEUTRAFreqs is suggested to be extended from 4 to 16.

Proposal 21: 
The value for maxEUTRATargetFreqs is suggested to be extended from 8 to 16.

Proposal 22:
The value for maxNumEUTRAFreqs_FACH is suggested to be extended from 4 to 16.

In summary, for the E-UTRAN measurement in DCH and non_DCH mode, the potential impacts are:

·  The maxNumEUTRAFreqs shall be extended from 8 to 16;
· The maxReportedEUTRAFreqs is suggested to be extended from 4 to 16;
· The maxEUTRATargetFreqs is suggested to be extended from 8 to 16;
· The maxNumEUTRAFreqs_FACH is suggested to be extended from 4 to 16.
3 Conclusion
In this paper, we analyze potential impact on RAN2 specifications and propose:

Proposal 1: 
There is no need to introduce any new UE capability.
Proposal 2: 
Wait for RAN4 input on how to guarantee backward compatibility.
For the LTE part:
Proposal 3: 
For intra-freq cell re-selection, no change is needed on the maximum number of neighbour cells.
Proposal 4:
For inter-freq cell re-selection:

· No change is needed on the maximum number of neighbour cells;
· The total supported inter-freq number is extended to 16 from 8, i.e. the maxFreq shall be 16;
·  No change is needed on the maximum number of CellReselectionPriority.
Proposal 5: 
For inter-RAT cell re-selection (UTRA), the current frequency number (16) is sufficient and no change is need.
Proposal 6: 
For inter-RAT cell redirection (UTRA TDD), the current frequency number (6) is sufficient and no change is need.
Proposal 7: 
For MBMS in SIB15, the total supported frequency number is extended to 16 from 8, i.e. the maxFreq shall be 16.
In summary, for IDLE, in LTE specification:

·  The maxFreq shall be extended from 8 to 16.
Proposal 8: 
The current number of measurement objects (32) is sufficient and no change is needed.
Proposal 9: 
The current number of UTRA cells listed in the measurement objects (32) is sufficient and no change is needed.
Proposal 10: 
The current number of report configurations (32) is sufficient and no change is needed.
Proposal 11: 

The maximum cell number reported in one measurement report for inter-RAT (UTRA) case is extended to 32 from 8, i.e. the maxReportCells shall be 32.
Proposal 12: 
The number of measurement id is extended to 64 from 32, i.e. maxMeasId shall be 64.
Proposal 13: 
At handover, number of frequencies for candidate cell is extended to 16 from 8 i.e. the maxFreq shall be 16.

Proposal 14: 
For UE capability related constraints (in subclause 11.1), no change is needed.
In summary, for connected mode, in LTE specification:

· The maxFreq shall be extended from 8 to 16;
· The maxMeasId shall be extended from 32 to 64;
· The maxReportCells shall be extended from 8 to 32;

For the UMTS part:
Proposal 15: 
Inter-frequency measurement frequency number is not needed to be extended.
Proposal 16: 
The value for maxCellMeas shall be extended from 32 to 80.

Proposal 17: 
The value for MaxFDDFreqList is suggested to extend from 4 to 8.
Proposal 18:    It is proposed to discuss if the maxFreqMeasWithoutCM needs to be extended.

In summary, for the inter-frequency measurement in DCH and non_DCH mode, the potential impacts are:

·  The maxCellMeas shall be extended from 32 to 80;
· The MaxFDDFreqList is suggested to be extended from 4 to 8;
Proposal 19: 
The value for maxNumEUTRAFreqs should be extended from 8 to 16.

Proposal 20: 
The value for maxReportedEUTRAFreqs is suggested to be extended from 4 to 16.

Proposal 21: 
The value for maxEUTRATargetFreqs is suggested to be extended from 8 to 16.

Proposal 22:
The value for maxNumEUTRAFreqs_FACH is suggested to be extended from 4 to 16.

In summary, for the E-UTRAN measurement in DCH and non_DCH mode, the potential impacts are:

· The maxNumEUTRAFreqs shall be extended from 8 to 16;
· The maxReportedEUTRAFreqs is suggested to be extended from 4 to 16;
· The maxEUTRATargetFreqs is suggested to be extended from 8 to 16;
· The maxNumEUTRAFreqs_FACH is suggested to be extended from 4 to 16.
Corresponding CRs are provided in [3] and [4].
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